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A. Introduction 
In this study we set up a prostate cancer case-control study in order to develop new seru m biomarkers for early detection 
of prostate cancer using N anotechnology. In early pr ostate cancer when there are very few cells, we expect trace ser um 
levels of proteins. Recent advances in nanotechnology mean that target biomarkers of prostate cancer can be conjugated to 
quantum dots, thereby enhancing detection characteri stics and making it possible to detect very  low levels of a particular 
protein (1-9). We collected blood samples from 65 African-American men with prostate cancer and 90 ethnically-matched 
control healt hy m en with  questionnair e data on dem ographics, general health and cancer fam ily histo ry t o in vestigate 
prostate cancer risk f actors. Our Ai ms were to investigat e emerging nanotechn ologies for their use in early detection of 
prostate cancer in African A merican men and to test si x b iologically plausible candidate biom arkers. We have 
investigated the QD-conjugated seru m biomarkers in a m ultiplex panel. However, we have found this technology t o be 
cost-prohibitive when moving from the test samples to a larger sam ple population. We tried to dilute the QD-AB so as to  
reduce costs but t he results are inconsistent and non-reproducible. We tested six antib odies as potential biomarkers at the 
end of this project we have determined that the most suitable biomarker is still PSA. The m ost optimal and cost-effective 
nanotechnology was to conjugate the PSA antibody  onto gold nanowire encased microfluidic devices which can detect 
sub-ELISA levels of PSA. This project is essential  in te rms of ex panding research on the African American populations 
and vital to im prove early detection of prostate can cer so as to reduce the di smal mortality rate. However, additional 
biomarkers must be identified to enhance specificit y and sens itivity of earl y detection of prostate cancer. This study  has 
shown that the technology is available for enhanced detection. This technology w ill translate rapidly to other cancer sites 
for which no good screening test is available.  
 
B. Body  
Task 1. To collect pre-treatment serum samples from a cohort of African-American undergoing screening for 
prostate cancer (Months 1-26 according to the Timeline in the Statement of Work) 
 
Progress: 
1.1. Recruitment 
Approach: In this study  prostate cancer cases are defined as African American men with biopsy-proven prostate cancer. 
Controls are African American men with a PSA< 2.5ng/m l and no other evide nce of prostate cancer by  DRE or biop sy. 
Our ca se-control collection was slow but we have  collected  65  African-American men with prostate cancer and 90 
African-American controls into this stud y. Once consent was o btained, the partic ipants were asked t o fill in a short  
research questionnaire and two blood sam ples (10 ml each) we re drawn. Recruit ment took place at Lifeti me Cancer  
Screening at the H. Lee M offitt Cancer Center and Research Institute and Moffitt Cancer  Center Hospital,  the R adiation 
Oncology cli nics in Tampa and Brandon an d the  30 th Street Clinic. All sa mples w ere transferred to the Tissue  
Procurement and the LCS laboratory at the H. Lee Moffitt Cancer Center and Research Institute and processed for serum 
and DNA, r espectively, where they  are  stored. Original consents and questionnaires are sto red in a lock ed cabinet in  a 
locked office. The questionnaire data co llected is scanned into an Access database by the Survey Methods Core. The risk 
factor database will be linked with the laboratory database, both are in Access.  
 
1.1. Summary: Task 1: Recruitment was slow an d we re ached to 65 pros tate c ancer cases and 90 controls in the 
timeframe of the award. Completed. 
 
Task 2. To engineer a panel of quantum dot (QD) – antibody (AB) conjugates targeting established prostate cancer 
biomarkers (antigens).  (Months 2-10 in the Timeline in the Statement of Work). 
 
Approach:  The experi mental lu minescent QD s wil l be co mposed of surface passivated II- VI se mi-conductors such as  
ZnS, CdS, ZnSe, CdSe, or CdTe and t heir core/shell structures, e.g. CdSe/ZnS , CdTe/CdS, or CdS/ZnS.  We will t arget 
QDs to cover em ission in the broad visible to infrared spect ral range to achieve optim al spectral performance.  The QD s 
will be directly conj ugated to anti bodies to the selected pr ostate cancer biomarkers: Prostate Specific Antigen (PS A), 
Kallikrein 2 (KLK2), Kallikrein 14 (KLK14), Osteoprotegerin (OPG), Antip53Ab, Caveolin-1 (Cav-1) and Interleukin- 6 
(IL-6), with or without linker molecules, depending on the molecular structure of each antibody.   
We purchased antibodies (multiple times) for the above biomarkers. Previously, standard curves were determined for each 
antigen/antibody using ELISA kits (CanAg, CA, USA). The lower limit of detection for this technique was approximately 
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<0.1ug/l. Therefore we deter mined th at the antibodies were detecting the cho sen biom arker. We have successful ly 
conjugated antibod ies to t he above bio markers to quantum  dots and we have gone ahead and are characterizing th em 
according to Task 3 below.  
 
2.1. Summary: Task 2 completed  
 
Task 3. To define the photoluminescence signatures of bound versus unbound QDs created in Aim 2, reflecting 
antigen-antibody complex formation. (Months 11-25 according to the Statement of Work) 
Approach:  High-resolution photol uminescence (PL) spectroscopy will be used t o analyze antibodies and QDs separ ately 
before and then after they  have been conjugated.  T his perm its t he identifica tion of unique spectr al sig natures, and i s 
based on standard PL de scriptors such as: PL peak positio n at 400nm  – 1,700nm  spect ral range, full width at half 
maximum (FWHM) of the PL band, optical/acoustic phonon fre quencies, excitation wavele ngth depend ence (different 
laser sources), light polarization, te mperature quenching, a nd PL quantum  eff iciency.  From the PL de scriptors of th e 
optimized AB-QD conjugates we will ge nerate a calibration curve of the PL in tensity versus con centration of the 
conjugated QDs in seru m/plasma. This allows determination of the sensitivity li mit of the QD luminescence diagnostics, 
limits of concentration linearity and dynamic range.  
 
3.1. Progress: Our goal was to identify a sensitive and specific p anel of bio markers employing reproducible and robust 
technology a t a reasonable cost so it can be applied as a scre ening test to the general p opulation.  We  extensiv ely 
investigated the chemistry of bound versus unbound QDs in ten ways: 1. ELISA; 2. Different types of QDs; 3. Same AB, 
different QDs; 4. Same QD, different ABs; 5.Storage time; 6. Temperature; 7. Spectral mapping; 8. Gel electrophoresis;  
and 9. ‘Home-made’ QDs;  
 
We published a paper on  the application of the b io-conjugated quantum  dots (QDs) for “sandwich” enzyme linked 
immunosorbent assay (ELISA). QD-ELISA can detect PSA antig en at concentr ations as low as 0.01ng/m l which is ~50 
times lower t han the classic “sandwich”  ELISA was de monstrated. Scanning photolum inescence (PL) spectroscopy  was 
performed on dried ELISA wells and the results co mpared w ith the sa me QD  sa mples drie d on a solid substrate. We 
confirmed a “blue” 37 nm PL spectr al shift in a case of QDs conjugated to PSA antibodies.  Increasin g of the “blue”  
spectral shift  was observed at lower P SA antigen concentrations. The results can  be used  to im prove sensitivity of 
“sandwich” ELISA cancer antigen detection. Currently, the threshold of PSA AG detection for “sandw ich”-ELISA with 
organic d yes, but for  m any ELISA kit s the threshold is 1 n g/ml [ 1-4], which  is usuall y lo w enough f or early  cancer 
detection, but “sandwich” ELISA with QDs could possibly detect as low as 0.01 ng/ml of PSA AG. One of the current 
problems in QD usage fo r biomedical applications is that  bioconjugati on reactions may be inco mplete and result in  
residual non-conjugated QDs in the same bio-conjugated solu tion. Our recent experi ments demonstrated that PL spectra 
of QDs are changed b y bioconjugation [5-9]. This is manifested as a blue or short-wavelength spectral shift of the PL 
maximum, which can be clearly observed as a color change of the dried bioconjugated sample. This unique spectroscopic 
feature of th e bioconjuga ted QDs may serve as a fingerprint  of the bioconjugatio n reacti on. Ulti mately, this will  
dramatically improve sensitivity of biomolecules detection using QDs because a background PL from the non-conjugated 
QDs can be spectrally separated. In this paper, we report on PL spectroscopic study of the dried “sandwich” ELISA wells, 
utilizing QDs to detect PSA AG at the concentration range of 0.01 – 1.0 ng/ml. The agarose gel electrophoresis technique 
with the organic dy e fluoresca mine i s e mployed to assure  the quality of the conjugate , used for “sa ndwich”-ELISA 
technique. A “blue” spectral shift magnitude was found to be larger for ELISA “sandwiches” in com parison to the same 
bio-conjugated  QDs, dried on a flat silicon substrate. This effe ct can be attrib uted to the elevated stress applied to the 
individual Q D, invol ved i nto t he “sandwich” for mation, as we ll as more or less effici ent, but  probabl y not  com plete, 
nonconjugated QD elimination caused by the washing procedure. The PL signal from the bio-conjugated QDs was found 
in all wells, containing AG, with diffe rent concentration but was undetectable in the co ntrol well with out AG. It  is 
expected that the results can provide strong benefits for early cancer detection and forensic technology.  
 
3. 2. Conclusions “Sandwich” ELISA bimolecular tool enhanced with conjugated 705nm QDs instead of commonly used 
luminescent dyes was e mployed to detect a PSA A G in th e concentration range from  0.01 to 1.0 ng/ml. Three ELISA 
wells with AG concentrations 1.0, 0. 1 and 0.01 n g/ml shows the PL peak, originated from the conjugated QDs in the 
sandwich structure with correspondin g AG (PSA).  The control  well without AG molecules shows a negligible QD PL 
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intensity. A short-wavelength, blue PL spectral shift was observed on all ELISA wells, utilizing conjugated QDs, and the 
values of this spectral shift (13-37 nm) were enhanced in comparison to the same QDs, conjugated to PS A AB, dried o n 
silicon substrate (2-26nm ). This fact was attributed t o effective washing of nonconjugated QDs from the ELISA wells, 
which are always present in a conjugate mixture and therefore c ontribute to a n average PL  of the dried QD samples. In 
addition, a negative correlation was observed between an av erage “blue” PL spectral position and AG concentration. The 
origin of t his effect is under investigation and pr esumably attributed to decreasing of elastic stress at higher AG 
concentrtaions. If confir med, this will benefit the ultralow limits of detection for biom olecules, because “blue” spectral 
shift will increase with AG concentration decreasing, making it easier to distinguish between PL com ing fro m 
“sandwiches” and possible traces of nonconjuga ted QDs or other contam ination at ultralow concentrations of a target 
molecule. This effect will also be useful in predicting th e unknown biomolecule concentration based on t he spectral shift 
position alone, eli minating a need for PL intensity assessment.  The results of this research could lead to critical  
improvements for in vitro cancer antigen detection sensitivity using the QD luminescent tagging technique. 
 
However, the cost of QDs and antib odies together is approx.  $800. From this two conjugati ons can be p erformed. This 
results in only a sm all volum e of conjugated QD-AB and we can assay  only about  six sam ples. We performed 
experiments with different dilutio ns of the QD-AB conjugate of 1:10, 1:4, and 1:2 to determine if the QD-AB solution  
could be diluted but woul d still reveal detection of the proteins. However, th e results were very inconsistent. The 1 in 10 
dilution did not work at all (results not shown).  
 
Therefore we looked to other nanotechnologies. 
 
3.3. Utilization of additional nanotechnologies: In the last an nual report we revealed our interest in explorin g t wo 
additional nanotechnologi es. Microflui dic devices and Su rface enhanced Raman scatteri ng (Zhang Lab.). We have 
proceeded wi th the former technology . We have in cluded two very  experie nced and well published researchers Dr. 
Shekhar Bhansali who also previously  integrated PSA into a m icrofluidic device for prostate (and other) c ancer detection 
[10-16] and Dr. Weihong Tan who is already  performing the Cell-SELEX in prostate cancer and has identified aptam ers 
to prostate cancer cell surface proteins. We have been awarded funds to perform res earch with Dr. Tan. However, in t his 
study we focused on the utilization of microfluidic devices. This is within the scope of the Specific Ai ms in this proposal  
and we modified the Statement of Work to reflect this new direction. 
 
 
3.4. Testing of candidate biomarkers: We had chosen six candidate biomarke rs based on the literature (PSA, KLK2,  
KLK14, OPG, anti-P53 antibodies, IL6 and CAV-1). We te sted these bi omarkers for  their ease o f conjugation to 
nanoparticles and nanowires as well as their effectiveness as biomarkers for early prostate cancer detection in plasma from 
the African American men using classical ELISA as well as QD-associated ELISA. 
KLK2 and KLK14 antibo dies proved technically dif ficult to co njugate and were not available in an d ELISA kit so  we 
excluded them from the analysis. 
Anti-P53 anti bodies were easy  to conjugate but unfortunately were  identified a t higher levels in contr ols compared to 
cases (see results for P53 below). The most suitable biomarker would be one which is increasing in concentration as the 
stage of cancer increase and increases compare to control levels. 
OPG, IL6 an d CAV-1 sho wed very  similar levels in the plas ma from cases and controls so cut-off poi nts could not  be 
determined (see results for OPG below). 
 
 
# PCa status PSA, 

ng/ml 
P53, U/ml OPG, 

pg/ml 
1 + 2.4 n/d 756 
2 + 2.6 n/d 958 
4 + 3.93 n/d 1141 
5 + 4.4 n/d 842 
7 - 1.6 n/d 840 
8 - <0.5 (n/d) n/d 699 
9 + 5.93 4.1 483 
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10 + 2.63 15.4 951 
12 + 0.8 n/d 771 
13 + 40.67 n/d 1002 
14 + 4.13 n/d 1116 
15 + 1.47 n/d 2484 
16 + 4.27 5.2 822 
17 + 4.8 n/d 876 
18 + 5.27 n/d 1050 
20 + 4.47 n/d 1926 
21 + 14.27 n/d 1095 
22 - 3.53 n/d 972 
23 - 4.4 n/d 1491 
24 - 0.6 n/d 987 
25 + 2.27 n/d 1299 
26 + 12.87 n/d 1020 
27 + 4.4 4.8 720 
28 + 14.8 3.7 1524 
29 - <0.5 (n/d) 8 558 
30 + 3.8 n/d 630 
31 + 2.8 n/d 717 
33 - 2.27 n/d 1254 
34 - 0.47 n/d 417 
35 + 1.4 n/d 669 
36 - 1.8 n/d 882 
37 + 3.87 3.6 612 
38 + 12.1 n/d 1170 
39 - 2.93 n/d 849 
42 + 2.0 n/d 864 
43 - 0.87 n/d 942 
45 + 2.92 n/d 943 
46 - <0.5 (n/d) n/d 876 
48 - 0.9 n/d 861 
49 - 1.13 141.7 633 
50 - 0.67 4.2 804 
51 - 0.80 n/d 1074 
52 - 0.53 35.7 879 
53 - N/A n/d 492 
54 - <0.5 (n/d) n/d 2001 
55 - <0.5 (n/d) n/d 612 
56 - 1.07 n/d 384 
57 - <0.5 n/d 789 
58 - <0.5 4.1 846 
59 - 1.4 n/d 915 
60 - <0.5 (n/d) n/d 936 
61 - 1.13 N/A N/A 
62 - 0.67 4.6 648 
68 + 2.93 5.7 714 
81 + 4.67 5.1 678 
83 - 5.27 n/d 1116 
85 + 4.27 n/d 705 
86 - <0.5 (n/d) n/d 930 
87 - <0.5 (n/d) 7.8 804 
88 - 0.6 3.6 489 
90 - <0.5 (n/d) N/A N/A 
91 - 3.1 5.7 N/A 
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 PSA P53 OPG 
Total tested 61 60 59
Cases + 29 28 29 
Controls -  32 32 30 
Expression detected 
(ED) total 

52 (85%) 15 (25%) 59 (100%) 

ED cases 29 (100%) 8 (29%) 29 (100%) 
ED controls 24 (75%) 7 (22%) 30 (100%) 
Average cases 6.1 ng/ml 6.12 u/ml 0.984 ng/ml 
Average controls 1.1 ng/ml 25.99 u/ml 0.866 ng/ml 
 
29 cases and 33 controls, 62 total 
 
 P53: 60 samples tested, 15 have detectable p53 expression, including 8 cases and 7 controls. The average expression for 
cases is 6.12 u/ml, and 25.99 u/ml for controls. 
 
OPG: 59 samples tested, 59 (all) have detectable p53 expression. The average expression for cases (29) is 984 pg/ml, and 
866 pg/ml for controls (30). 
 
PSA: 61 samples tested, 9 have no detectable PSA (<0.5 ng/ml), all controls. Average PSA for cases (29) is 6.1 ng/ml, and 
1.1 ng/ml for controls (32), including those with undetectable PSA levels.  
 
 
From the Access database based on clinically derived PSA VALUES: 

 case=1 or 
control=0  
0 1 

Median 0.90 4.98

Q1 0.60 4.10

PSA value 

Q3 1.50 7.60

Family history of 
Prostate cancer 

 

No N 65 32

yes N 6 7

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
3.5. To develop microfluidic device biosensors: The chosen antibodies will be imm obilized onto a gold nanowire 
biosensor surface with electrochemical detection. Upon protein binding, changes in the electrical  properties in the vicinity 
of an electrode are detected.  
Electrochemical sensors is a new and promising group of sensing devices, allowing increased sensitivities in conjunction 
with lower cost, low analy sis tim es, miniaturized and affo rdable platform s [17-24]. There are nu merous detection 
techniques, currently  being research ed towards an a pplication in electrochemical sensors, which are de scribed in detail 
elsewhere [25-34]. Among them, Electrochemical impedance spectroscopy (EIS) is a powerful and sensitive technique to  
characterize surface-modified electrodes and for the investigation of electrochemical systems and processes [35-37]. 
In this paper, we report on a successful fabrication of an  impedance-based miniaturized biosensor (Imp-sens) and its 
application for an ultrasensitive PSA detection in s tandard and real human plasma solution,  spiked with different PSA 
concentrations. The Imp-sens exhibited the sensitivity of 1 pg /ml for PSA which is at least 10 tim es lower than any m ost 
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sensitive co mmercial EL ISA on the market. An average detect ion time with Imp-sens for one sam ple is ~45 minutes, 
compared to at least 2.5 hours with a standard ELISA. Succe ssful approach to minimize the non-specific binding (NSB) 
issue has been attempted.  
The Imp-sens novel techni que may open an era of r esearch geared towards ultransensitive, inexpensive and convenient  
testing procedures. The results may b e useful for anyone, inte rested in the field of electrochem ical p ortable sensing  
research.  
 

3.5.1. Chemicals and reagents 
Dithiobis(succinimidyl pr opionate) (D TSP) and sodium  borohydride (NaBH 4) wer e purchased fro m ThermoFisher 
Scientific. Purified PSA protein (product # 7820-0604), Monoclonal PSA antibody (anti-PSA, Mab, product # 7820-0217) 
and m onoclonal cortisol antibod y (pro duct # 2 330-4839) were  procured fro m Abd serotec. Phosphate buffered saline  
(PBS) tablets were purchased from Sigma Aldrich. SU-8 resist was purchased from Microchem Corp. All other chemicals 
were of analytical grade and were used without fur ther pur ification. PBS solution (1 0 mM, pH 7.4) was prepared by  
dissolving 1 tablet in 200  ml of deionized water. Working solutions of both t he PSA, anti-PSA and anti-cortisol were 
prepared by dilution in PBS (10 mM, pH 7.4). 
 
3.5.2. Measurement and apparatus 
Electrochemical impedance spectroscopy (EIS) was utilized to characterize the -EA/Mab/DTSP/IDµE bi o-electrodes and 
to estimate PSA concentration. EIS measurements were carried out at equilibrium potential without external biasing in the 
frequency range of 0.5–105 Hz with a 5 mV amplitude using Autolab Potentiostat/Galvanostat (Eco Chemie, Netherlands). 
EIS measurements were carried out using 65 µ l of PBS so lution (10 m M, pH 7.4) containing a mixture of 5 mM 

 (Ferrocyanide) and 5 m M of (Ferricyanide) i.e. 5 m M as a redox probe. Using  the 

redox probe (5 mM ), change in charge transfer  res istance (R

−4
6)(CNFe −3

6)(CNFe −− 4/3
6)(CNFe

−− 4/3
6)(CNFe ct) at ele ctrode/electrolyte interface has be en 

investigated in electrochemical impedance.  
 
3.5.3. Test chip fabrication 

The Imp-sens chips were fabricated on an oxidized 4” silicon wafer using standard photolithography techniques 
[36]. Briefly, Cr/Au (200/2000 Å) la yers deposited using e-beam eva poration and were patterne d through liftoff.  IDµ E 
with 5µm  wide electrode fingers at a pitch of 10 µm we re used. As a final step, SU 8 cham ber patterned around the 
electrodes using the SU8 50 to create a sample well around these electrodes (Fig1A). Further SU8 was har d baked at 200  
oC to improve its re sistance against har d solvents like ac etone. Figure 1B reveals the actual photo graph of an Im p-sens 
reagent chamber under optical microscope (10X).  

 

   
   A      B 
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Figure 1. A: Imp-sens fabrication process flow: (a) RCA clean Si wafer, (b) thermal oxidation to grow 500 nm SiO2 as an 
insulation layer, (c) apply photoresist, (d) expose and pattern photoresist, (d) deposit Au using electron beam (e-beam) evaporator with 
thickness of 20 0 nm and then lift-off photoresist to  get pattern Au electrodes, ( f) apply photoresist, (g) pat tern photoresist, and (h) 
finally despite Ag using e-beam evaporator with thickness of 300 nm and lift-off is used to remove photoresist and metal on top of it. 

B: Imp-sens actual view under the microscope (10X): 1. gold working interdigitated electrodes; 2. silver reference electrode; 
3. gold counter electrode; 4. the SU8 reagent chamber. 

 

3.5.4. Self-assembled monolayer (SAM) preparation and antibody immobilization  
The Imp-sens chips were pre-cleaned with acetone, isopropyl alcohol, and de-ionized water, and exposed to 2 mg 

ml-1 solution of DTSP in acetone for 1hr for SAM formation. DTSP solution was first red uced using N aBH4 and then  
dispensed on the pre-cleaned chips at room t emperature. The DTSP SAM modified electrod es were th en rinsed wit h 
acetone to rem ove any  unbound DT SP followed by  water ri nsing and ut ilized for antibody imm obilization. PS A 
antibodies were covalently attached to DTSP self-assembled monolayer by incubating the electrode in 65 µl of 1 µg m l-1 
antibody in PBS solution ( 10 mM, pH 7.4), for 1 hr . Covalent binding (amide bond f ormation) results from  the facile 
reaction between amino group of antibody  and reactive succinimidyl group of the DTSP on the SAM surf ace. The sensor 
(Mab/DTSP/IDµE) was washed thoroughly with PBS (10 mM, pH 7.4) to remove any unbound biomolecules followed by 
a 10 min washing with ethanolamine (EA) (1%) EA was used to block unreacted succinimidyl group on DTSP SAM and 
to rem ove extra unbound antibodies onto the elect rode surface.  Figure 2 schem atically i llustrates ( a) IDµE  chip, (b) 
Schematic illustration of  step-by -step i mmunochemical reac tion on t he electrode surfaces,  and (c) Pr oposed detection 
system. The fabricated bio-electrodes were char acterized us ing the electroche mical i mpedance technique. Each sa mple 
was run in triplicates to ensure repeatability, and an average result of three runs was used. 

 
Figure 2. Imp-sens. A: Testing chambers with patterned microelectrodes on Si  substrate (6 reage nt chambers incorporated into one 
platform); B: Brief schematic illustration of  step-by-step immunochemical reaction on the electrode surfaces; C: Propose d detection 
system. The multichannel potentiostat is used to scan each reaction chamber on Imp-sens.  
 

3.5.5. Electrochemical impedance studies 
Electrochemical i mpedance spectrosco py (EIS) is a pow erful and sensitive technique to characterize surface-

modified electrodes and f or the investigation of electroche mical systems and processes [35, 38 ]. It us es periodic s mall 
amplitude AC signal over wide frequency  range to measure resistive and capacitiv e response of materials [39-40]. EIS 
respond to change caused by  binding of analyte to bio-recognition elements immobilized on the surface of the electrodes. 
Nyquist plots of impedance spectra in present studies have been exploited to study (i) change in charge transfer  resistance 
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(Rct) at sensor-solution interfaces after DTSP SAM formation, M ab binding and EA blocking, (ii)  the change of charge 
resistance with changing concentration of PSA. All EIS spectra  were recorded in PBS (10 mM, pH 7.4) containing 5 mM 

as a redox probe. −− 4/3
6)(CNFe

 
3.5.6. Sample collection and storage 
Human seru m/plasma sam ples, prospectively  colle cted by  Dr. Phelan’s lab at Moffitt Cancer Center and participating 
clinics, were used in this study. These samples were obtained from African-American males, either positive for (cases), or 
having no clinical evidence (controls) of, PCa. There was no record of other cancers available for these patients. Informed 
consent was obtained from all subject s at ti me of blood dr aw. In the present work, researchers wer e not aware of any 
personal identifiers, associated with the human samples. 
Samples were labeled, aliquoted an d stored at deep freezer (-800 C) until further usage acco rding to the Moffitt Cancer 
Center guidelines [41]. All procedures with the samples were  completed within the 30 minutes since the blood draw. No 
sample have undergone more than 2 freeze-thaw cycles. All samples were tested for PSA and the values were recorded. 
 
3.5.7. Imp-sens test with the PSA solutions in PBS 

Imp-sens was initially utilized to detect PSA molecules in PBS in the concentration range 1pg/nl – 10 ng/m l (Fig. 
3a). This range was chosen empirically, based on the interest for meeting both current needs in PSA sensitivity (usually up 
to 10 ng/m l in clinics) and establishing the lower  detection threshold. For each concentr ation, the bio-electrode was 
incubated in PSA solution for 30 m inutes, followed by  PBS washing and EIS  spectra record ing using PBS (10 m M, pH 
7.4) containing 5 m M  as a redox pro be. From Fig  3a, it is clear that R−− 4/3

6)(CNFe ct (diameter of the Ny quist plots) 
increases with increasing PSA concentration. The increas e in Rct is attributed to the binding of PSA to i mmobilized anti-
PSA on bio- electrode, producing a p acked lay er that decr eases the electron transfer fo r redox prob e. For sensing 
application relative change in EIS data have more significant information than ab solute value. Graph bet ween change in 
Rct values and the logarithm  of PSA co ncentrations reveals linear  detection range for PSA con centrations in the range of 
1pg/ml to 10 ng/ml (Figure 3B).  

Though t he i mpedance of all electrodes fabricated in the same batch can be expected to be the sam e, lack of 
industrial scale process co ntrol in the lab leads to variations in impedance of individual el ectrode and antibody modified 
electrode. In order to confirm  that observed change in impedance wa s due to surface modification and not due to 
superimposed effects, all data was normalized. For linear range detection, normalization was achieved by plotting [charge 
transfer resis tance for desired concentration (R ct (C i))]/[charge transfer resist ance of blank EA/Mab/DTSP/IDµE bio-
electrode(Rct (Co))] versus logarithm of cortisol concentration (Fig  3b). After n ormalization, all electrodes with different 
impedance for bio-electrode with attached antibody exhibited similar response within the 4% error for each concentration. 
Fig 3b shows norm alized data curve that can be cha racterized using Rct (Ci)/Rct (Co) = 7.50 + 0.579 lo g CPSA (g/ml). I t 
reveals the linear range of 1pg/m l to 10 ng/m l wit h the corre lation coefficient of 0.959. Further, to account for t he 
variation in i nitial im pedance values for indivi dual electrodes,  all experi ments were carried out using a step-by -step 
approach to increasing PSA concentration. Sim ilar step-by -step concentration studies have been re ported by other  
researchers and help to avoid superimposed effects of multi electrode measurement [42-45]. 
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Figure 3. Imp-sens initial test with PSA, d iluted in PBS. A: EIS spectra; B. Normalized curve for data obtained from EIS studies for 
different PSA concentrations. 
 

As is seen from the Figure 3B, the co rrelation coefficient for the Im p-sens calibration curve is 0.959, suggesting a 
relatively weak linear trend. This effect was attributed to th e interfering effects of NSB which is a comm on obstacle in all 
bioassays, employing immunological affinity principles. The NSB interferen ce eff ect did not significantl y change with 
introducing d ifferent blocking techniq ues (data not shown), including t he use of extra strength blocki ng buffers an d 
increased blocking tim es. Surprisingly, NSB issue s were be tter controlled when real hu man seru m/plasma s ample was 
used.  
 
3.5.8. Human plasma testing with Imp-sens 
In the effort to better address the  NSB issues, the r eal plasma sample with th e lowest PSA concentration of 0.4 ng/ml, 
diluted 1000 times with P BS, was used as a diluent (we will fu rther refer to this as si mply a “diluent ”). It is initially 
hypothesized that a human plasma sample, even when substantially diluted, will have enough proteins to block the initial 
electrode and minimize subsequent NSB during bioassay s. At the same time, PSA concentration was kept low and equal 
which should not have interfered with the PSA detection. Using diluted plasma sample as a diluent and blocker allowed to 
mask major NSB issues and shift to actual complex human samples without the loss in sensitivity and selectivity. 
The diluent was subsequ ently spiked with different PSA concentrations. 1; 10 and 100 pg/ml of PSA were chosen as 
initial testing points, based on the previous results (Figure 3). Providing that PSA concentration in bas e solution w as 
0.4pg/ml, the actual PSA values in the sam ples were 0.4; 1.4; 10.4; and 1 00.4; pg/m l. “Zero” or “blank” electrod e 
impedance reading was obtained after the incubation with anti-PSA.  
As mentioned earlier, all samples were tested on same electrode using the low to high concentration testing order. Similar 
studies were performed by other researchers and are convenient for the real time sensing. The results are shown on Figure 
4. There is a cle ar depe ndence of the i mpedance resist ance with increasi ng PSA concentration, indicating the PSA 
binding. Each step was resumed with the intense PBS washing to ensure complete removal of non-attached molecules. 
An overall testing procedu re schematic with Imp-sens, used in the experiment, was the following: 1.  SAM formation on 
gold electrode (se ction # 2.4); 2. Anti-PSA incubation + wash  + i mpedance r eading (secti ons # 2.4 and 3.1); 3. Base  
solution (“bl ocker”, 0.4 p g/ml PSA) incubation + wash + r eading (section #  3.2.3); 4. 1 pg/ml incubation + wash + 
reading; 5. 10 pg/ml incubation + wash + reading; 6. 100 pg/ml incubation + wash + reading.  
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Figure 4. PSA sensing by impedance technique.  BLK = electrode incubated with capture PSA antibody. 
 
Figure 5 presents the calibration (dilution) curve, obtained with the same results. Base (0.4 pg/ml) solution reading is sh own instead 
and is taken a s a zero. As indicated, the re is a strong linear concentration dependence of t he impedance increase in resistance  with 
increased PSA concent ration. The c orrelation coe fficient fo r t his ex periment was 0. 995 which i s an i ndicator of a st rong l inear 
dependence. Fig 5 shows normalized data curve that can be characterized using Rct (Ci)/Rct (Co) = 5.50 + 3.458 log CPSA (g/ml). 
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Figure 5. Normalized curve for data obtained from EIS st udies for different PSA concentrations. 1000 times diluted human plasma 
sample was used as a blocker and a diluent to control NSB. 
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3.5.9. Selective binding studies 
Selectivity is  a major and well-known pitfall in the biosensing te chniques, based on the imm unological principles. To 
ensure the se lectivity of PSA binding, the cortisol antibod y with increasing c oncentrations in PBS wer e tested on the 
electrodes, covered with  capture anti-PSA. Anti-cortisol was used as a random  protein which m ay contrib ute to 
nonselective binding. 0; 1; 10; 100 and 1000 pg/ml of anti-cortisol in PBS was used. The testing was done in exactly same 
conditions. The results ar e shown on Figure 6. There is a slight increase o f resistance with increasi ng anti-cortisol 
concentrations, however, its intensity  is very low, compared to PSA (15.5%  highest increase compared to 312% highest 
increase for PSA), indicating that the NSB is  in fact pres ent, but is negligibly  sm all. Further assa y biochem istry 
optimizations may lower it even more.   
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Figure 6.  The interference studies of Imp-sens. Anti-cortisol binding on the bio-electrodes covered with anti-PSA.  
 
 

 

3.6. Summary: Task 3 completed  
 
3.7. Significance: Im p-sens, a novel portable impedimetric electro chemical imm uno-sensor, can be used for an 
ultrasensitive and selective PSA detection. Im p-sens exhibits linear behavior in the concentration range  1pg/ml to 100 
pg/ml, has lo w detection li mit of 1 pg/ ml which is at least 10 times lower than a standard commercially available, m ost 
sensitive PSA ELISA kit in t he m arket. An average analy sis ti me was 45 mins with Im p-sens. The sensor was found 
selective against cortisol antibodies in the concentrations 1 – 1000 pg/ml and was te sted as a proof of concept with the 
human plasma sample, spiked with increasing PSA concentrations. 
The main goal of this work was to est ablish a feasibility of using an Imp-sens as an inexpensive, reliable sensing device, 
suitable for p oint-of-care applications c apable of wo rking with complex bodily fluids li ke saliva, serum/plasma or urine. 
The sensor was there fore tested with a handful of samples a nd statistical analysis was out of the scope of this work. 
Achieving st atistically significant validation of  Im p-sens with a num ber of h uman seru m/plasma sam ples is being t he 
author’s next task.  

 In Future, I mp-sens concept will be further expanded to validate and char acterize the senso r for PSA det ection 
with statistically significant amount of samples, as well as utilizing it for detection of other potential PCa biomarkers.  
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Task 4. To derive optimal cutpoints for the sensitivity and specificity of the QD-conjugated biomarkers developed 
in Aims 2 to 3 individually, and in combination, for the early detection of prostate cancer in African-American 
men.  (Months 26-36 according to Timeline). Approach:   Assay the levels of the indi vidual biom arkers in seru m 
samples collected during PSA/DRE screeni ng using a nested case- control approach.  We will use logistic regression and 
Receiver Operator Curves to define the cutpoints that collectively define the optimal performance of the entire panel. 
 
4.1. Summary: See above. Our sample size is rather small for detailed statistical analysis. 
 
 
C. Key research accomplishments  
1. Study recruitment. 
2. Established database including demographic, health, risk factor and psychosocial data.  
3. Established tissue collection including multiple aliquots of plasma and sera per patient and pellet for DNA extraction. 
4. Exposure in the press regarding t he study and press conference at the AACR meeting. The press coverage continues 

and our study was highlighted in the Department of Defense annual report. 
5. Achieved funding for a further year of study using aptamer technology and microfluidic devices. 
6. Determined the most reproducible nanotechnology is nanowire-integrated microfluidic devices. 
7. Determined that all the c hosen biom arkers except PSA ar e not suitable bio markers so novel biom arkers must be 
identified. 
 
 
D. Reportable outcomes 
 
D.1. Press Release 
Invited to attend a press conference in Disparities Res earch at the AACR annual 2008 meeting and the study  was 
highlighted in the Department of Defense Prostate Cancer Research Program Annual Report and other journals and health 
magazines.  
 
D.2. Publications: 

1. Raman scattering and SEM study of bio-conjugated core-shell CdSe/ZnS quantum dots. Phys Stat. Solid. 2: 241-
243, 2007.  

2. Photoluminescence spectroscopy of bioconjugated CdSe/ZnS quantum dots. Appl. Phys. Lett. 90, 263112-115. 
(2007). M. Dybiec, G. Chornokur, and S. Ostapenko, A. Wolcott and J. Z. Zhang A. Zajac, C. Phelan, and T. 
Sellers.  

3. Ganna Chornokur, Sergei Ostapenko, Yusuf Emirov, Nadezhda Korsunska, Abraham Wolcott, Jin Zhang, 
Catherine Phelan, Abhilasha Nagaram, Thomas Sellers. Biologically Engineered Quantum Dots for Biomedical 
Applications// MRS Proceedings Volume 1095E, 1095-EE08-05, 2008. 

4. G Chornokur, S Ostapenko, Yu Emirov, N E Korsunska, T Sellers and C Phelan. Spectroscopic behavior of 
bioconjugated quantum dots// Semicond. Sci. Technol. 23 (2008). 

5. G. Chornokur, S. Ostapenko, E. Oleynik, C. Phelan, N. Korsunska, T. Kryshtab, J. Zhang, A. Wolcott and T. 
Sellers. Scanning Photoluminescent Spectroscopy of Bioconjugated Quantum Dots // Superlattices and 
Microstructures  In press, 2010. 

6. Ganna Chornokur, S unil Ary a, Richard Tanner,  Catherine Phelan and Shekhar Bhansali . Impedance-based 
Miniaturized Biosensor for Ultrasensitive and Fast  P rostate Speci fic Antigen detection: a proof of concept. In  
preparation, 2010.  

 
D.3. Oral presentations: 

1. ‘Early detection of prostate cancer in African-American men.’ FPCN Brother-to-Brother meetings, Municipal 
library, Martin Luther King Blvd, Tampa. September 2006- Catherine Phelan 

2. ‘Prostate can cer in African-Am erican men: Seru m biomarkers for early  dete ction using nanoparticles.’ Moffitt 
Cancer Center Genitourinary Tumor Board. October 2006. Catherine Phelan. 

3. ‘Early detection of prostate cancer in African-American men.’ FPCN Brother-to-Brother meetings, Municipal 
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library, Martin Luther King Blvd, Tampa. March 2007 - Catherine Phelan 
4. ‘Prostate can cer in African-Am erican men: Seru m biomarkers for early  dete ction using nanoparticles.’ Moffitt 

Cancer Center Genitourinary Tumor Board. June 2007 – Catherine Phelan. 
5. ‘Nanoparticle-Conjugated Biom arkers for Earl y D etection of Prostate Cancer in African-Am erican Men’. 

ImPaCT Invited speaker Sept. 2007 - Catherine Phelan. 
6. ‘Nanoparticle-conjugated biom arkers for early  detection of pros tate cancer in African-American men.’ Grand 

Rounds in Population Sciences, Moffitt Cancer Center: October 25th 2007 - Catherine M. Phelan 
7. ‘Photoluminescence Spectroscopy  of  Bio-conjugated  CdSe/Z nS Quantum Dots’ Nanotech 2007 - Sergei  

Ostapenko. 
8. ‘Biomarkers’ to Cancer Biology PhD students, Moffitt Cancer Center, November 8th, 2007 - Catherine Phelan. 
9. ‘Metal nanostructures and SERS applications’, WSA Meeting, Alisomar, CA, Jan. 2007 -  Jin Zhang. 
10. ‘Au nanoshells and nanotubes’ MRS, April, San Francisco, CA, Invited – Jin Zhang. 
11. ‘Optical properties and applications of nanomaterials’. Second Mexican Workshop on Nanostructured Materials" 

during 16-18 May, invited – Jin Zhang. 
12. ‘Optical and dynamic properties and emerging applications of nanomaterials’, International Workshop on 

Nanotechnology, Los Lagos, Mexico, July 2007, invited plenary – Jin Zhang. 
13. ‘Molecular Fiber SERS sensors for chemical and biochemical detection’, ACS Western Regional Meeting, Oct., San 

Diego, CA, invited – Jin Zhang. 
14. ‘Optical properties of nanomaterials for chemical and biochemical detection applications’ Singapore International 

Chemistry Conference 5 (SICC-5), Singapore, Dec., invited keynote – Jin Zhang 
15. February. 20 08, ‘Earl y d etection of prostate can cer in African-Am erican men.’ FPC N Brother-to-Brother  

meetings, Municipal library, Martin Luther King Blvd, Tampa - Presenter Dr. Catherine Phelan  
16. March 28-29 th 2008, Gastrointestinal and Genitouri nary Current  Therapies and Clinical Trials Agend a ‘Early 

detection of prostate cancer in African American men.’ - Presenter Dr. Catherine Phelan  
17. June 2008, BIAMS sy mposium, Toledo, Spain. T he ta lk title: Scanning Photolum inescent Spectroscopy  of  

Bioconjugated Quantum Dots. Presenter Dr. Ostapenko 
18. August 7, 2008, Florida A&M University Graduate/ Ph.D. Student’s Schedule. Presenter Richard Tanner, MSc 
19. October 30, 2008, U. S. Department of State Internati onal Visitor Leadership Program , Moffitt Cancer Center. 

Presenter Dr. Catherine Phelan  
20. November 2008 ‘Biom arkers’ to Cancer Biology PhD st udents, Moffitt Cancer Center. Presenter Dr. Catherine 

Phelan  
21. October 2009 ‘Biom arkers’ to Cancer Biology PhD st udents, Moffitt Cancer Center. Presenter Dr. Catherine 

Phelan  
 
 
D.4. Abstracts and Poster presentations 

1. ‘Spatially Resolved Photoluminescence Spectroscopy of Quantum Dots’ at the Nanoparticles Conference in 
Orlando, Florida (http://www.nanoparticles.org/Particles2006/) 

2. ‘Photoluminescence Spect roscopy of B io-conjugated CdSe /ZnS Quantum Do ts’. M. D ybiec, A. Chornokur, J. 
Zhang, S. Ostapenko T. Sellers, C. Phelan Nanotech 2007 meeting, June 26-28, 2007, Paris, France. 

3. http://www.upperside.fr/cancernano2007/nanocancer2007program.htm 
4. ‘Nanoparticle-Conjugated Biomarkers for Early Detection of Prostate Cancer in African-American Men’.  
5. Catherine M. Phelan, Thomas S ellers, Julio Pow-Sang, Alecsander Zajac, Abhilasha Nagaram, Jennifer Muller , 

Tatyana Zh ukov, Raoul Salup, Sergei Osta penko, Maciej Dy biec, Anna Chorno kur
 

and Jin  Zhang.  
Congressionally Directed Medical Research Programs Prostate Cancer Research Program 2007 IMPaCT Meeting, 
Atlanta, Georgia, September 5-8, 2007. 

6. ‘Biologically Engineered Quantum Dots for Biomedical Applications.’G. Chornokur, S. Ostapenko, Yu. Emirov, 
A. Wolcott, J. Zhang, A. Nagaram and T. Sellers, C. Phelan. Abstract submitted Nov. 1 to Materials Research 
Society meeting (San Francisco, March 2008) 

7. ‘Nanotechnologies and early detection of prostate cancer’ . American Association of Cancer Research, San Diego, 
April 2008 – abstract submitted Nov. 2007. 
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8. March 2008, Materi als Research Soci ety Spring meeti ng, San -Francisco, CA. The poster title: ‘ Biologically 
Engineered Quantum Dots for Bio medical Applications.’ G. Chor nokur, S. Ostapenko, Yu. Emirov, A. Wolcott,  
J. Zhang, A. Nagaram and T. Sellers, C. Phelan.  

9. April 2008, ‘Nanotechnologies and early detection of prostate cancer’. American Association of Cancer Research, 
San Diego, April 2008. Catherine M. Phelan, Sergei Ostapenko, Anna Chornokur, Ri chard Tanner, Jin Zhang, 
Julio Pow-Sang, John Jack Steel, Thomas Sellers. 

10. September 2008, 1st Annual Nanoscience Sy mposium "N anoFlorida 2008", Orla ndo, FL. The pos ter title: 
Bioconjugated QDs for early cancer detection. G. Chorno kur, S. Ostapenko, Yu. Em irov, A. Wolcott, J. Zhang, 
A. Nagaram and T. Sellers, C. Phelan. 

 
D.5. Degrees obtained/contributed to by this study  

1. Maciej Dybiec 
‘Spatially Resolved Photoluminescence Spectroscopy of Quantum Dots’. A dissertation submitted in fulfillment of the 
requirements for the degree of Doctor o f Philosophy, Department of Electrical Engineering, College of Engineering, 
University of South Florida, Completed June 2007. Main mentor: Sergei Ostapenko. 
 
2. Ganna Chornokur: 
‘Photoluminescence Spectroscopy of Bio-Conjugated Quantu m Dots’, Degree of Doctor of Philosophy, Department 
of Electrical Engineering, College of Engineering, University of South Florida  - Completed Feb 2009. Main mentor: 
Sergei Ostapenko; Thesis committee member: Catherine Phelan 
 
3. Marcus Marley:  
‘Microfluidic devices and their applic ation to early can cer detection’ . Masters degree - Co mpleted March 2008.  
Department of Electrical Engineering, College of Engineer ing, University of  South Flori da. Main mentor: William 
Lee; Thesis committee member: Catherine Phelan 

 
D.5. Tissue or serum repositories – We have collected DNA, serum and plasma on all cases and controls. The specimens 
are stored in minus 80C freezers in the Tissue Procurement Facility at the Moffitt Cancer Center. Aliquots are retrieved on 
request. See Appendix 1. 
 
D.6. Databases – Access database from the que stionnaire and pathological  data and p yschosocial aspects to risk 
perception. Below is based on a sub-portion of the total number of cases and controls. 

Decision making, page 13, top 

%risk as 
perceived by 

patient I decide 

I decide, doc 
opinion 
matters Both decide 

Doc decides, 
my opinion 

matters Doc decides 
 

N Mean Std N ColPctN N ColPctN N ColPctN N ColPctN N ColPctN 

All patients 110 29.74 33.20 19 100.00 35 100.00 42 100.00 11 100.00 3 100.00

marital 

 1 50.00 . . . . . 1 2.38 . . . .

A)married/cohabit 72 26.12 31.45 10 52.63 27 77.14 25 59.52 8 72.73 2 66.67

B)not married/cohabit 37 35.23 36.11 9 47.37 8 22.86 16 38.10 3 27.27 1 33.33

DM_Educ 

<6th grade 1 . . . . . . 1 2.38 . . . .

6-8  2 0.00 0.00 . . 1 2.86 1 2.38 . . . .

9-10 6 12.50 25.00 3 15.79 1 2.86 2 4.76 . . . .

11-12 25 18.56 16.76 . . 6 17.14 14 33.33 4 36.36 1 33.33

GED or equivalent 13 37.70 40.30 2 10.53 2 5.71 7 16.67 1 9.09 1 33.33
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Decision making, page 13, top 

%risk as 
perceived by 

patient I decide 

I decide, doc 
opinion 
matters Both decide 

Doc decides, 
my opinion 

matters Doc decides 
 

N Mean Std N ColPctN N ColPctN N ColPctN N ColPctN N ColPctN 

Vocational school 30 31.63 37.95 3 15.79 15 42.86 8 19.05 3 27.27 1 33.33

Some college 22 27.12 25.37 9 47.37 4 11.43 6 14.29 3 27.27 . .

Graduated college 10 49.38 40.22 2 10.53 5 14.29 3 7.14 . . . .

Post grad or prof. school 1 100.00 . . . 1 2.86 . . . . . .

Has a DRE been 
recommended? 

No 21 31.80 30.56 3 15.79 4 11.43 9 21.43 3 27.27 2 66.67

yes 89 29.46 33.74 16 84.21 31 88.57 33 78.57 8 72.73 1 33.33

Has a PSA been 
recommended? 

. 1 50.00 . . . . . 1 2.38 . . . .

no 14 52.83 40.38 2 10.53 3 8.57 6 14.29 3 27.27 . .

yes 86 28.10 33.30 17 89.47 30 85.71 29 69.05 7 63.64 3 100.00

Don’t know 9 23.00 21.21 . . 2 5.71 6 14.29 1 9.09 . .

Do you have BPH 

no 70 28.54 30.40 12 63.16 17 48.57 29 69.05 9 81.82 3 100.00

yes 38 32.07 38.26 7 36.84 17 48.57 12 28.57 2 18.18 . .

Don’t know 2 25.00 35.36 . . 1 2.86 1 2.38 . . . .

Have you had a biopsy 

no 68 32.33 30.11 9 47.37 17 48.57 30 71.43 10 90.91 2 66.67

yes 42 25.91 37.47 10 52.63 18 51.43 12 28.57 1 9.09 1 33.33

Have you had prostatitis 

no 100 27.76 31.78 14 73.68 31 88.57 41 97.62 11 100.00 3 100.00

yes 10 44.00 41.15 5 26.32 4 11.43 1 2.38 . . . .

History of cancer 

no 101 26.97 30.28 17 89.47 31 88.57 40 95.24 10 90.91 3 100.00

yes 9 52.22 47.64 2 10.53 4 11.43 2 4.76 1 9.09 . .

Family history of cancer 

no 61 24.44 29.71 9 47.37 17 48.57 28 66.67 5 45.45 2 66.67

yes 47 39.26 36.92 9 47.37 17 48.57 14 33.33 6 54.55 1 33.33

Don’t know 2 0.00 . 1 5.26 1 2.86 . . . . . .

Family history of female 
cancer 

no 84 27.22 30.80 12 63.16 25 71.43 37 88.10 7 63.64 3 100.00

yes 24 41.00 40.35 6 31.58 9 25.71 5 11.90 4 36.36 . .

Don’t know 2 0.00 . 1 5.26 1 2.86 . . . . . .
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Decision making, page 13, top 

%risk as 
perceived by 

patient I decide 

I decide, doc 
opinion 
matters Both decide 

Doc decides, 
my opinion 

matters Doc decides 
 

N Mean Std N ColPctN N ColPctN N ColPctN N ColPctN N ColPctN 

Family history breast cancer 

no 101 29.89 32.66 17 89.47 32 91.43 39 92.86 10 90.91 3 100.00

yes 9 28.14 41.40 2 10.53 3 8.57 3 7.14 1 9.09 . .

Family history male cancer 

no 77 25.31 31.10 13 68.42 21 60.00 34 80.95 7 63.64 2 66.67

yes 31 44.75 36.00 5 26.32 13 37.14 8 19.05 4 36.36 1 33.33

Don’t know 2 0.00 . 1 5.26 1 2.86 . . . . . .

Family history prostate 
cancer 

no 97 27.86 32.78 15 78.95 29 82.86 41 97.62 9 81.82 3 100.00

yes 13 45.00 34.55 4 21.05 6 17.14 1 2.38 2 18.18 . .

Psa Value 

 14 27.09 23.72 2 10.53 2 5.71 8 19.05 2 18.18 . .

A)<=4 77 33.05 34.96 13 68.42 25 71.43 29 69.05 7 63.64 3 100.00

B)>4 19 18.36 31.21 4 21.05 8 22.86 5 11.90 2 18.18 . .

Number of PSA in 5 years 

 29 41.06 33.06 2 10.53 8 22.86 13 30.95 5 45.45 1 33.33

A)<=5 71 25.65 32.43 15 78.95 23 65.71 26 61.90 5 45.45 2 66.67

B)>5 10 31.50 36.06 2 10.53 4 11.43 3 7.14 1 9.09 . .

Number of DRE in 5 years 

 20 37.71 32.47 4 21.05 6 17.14 7 16.67 1 9.09 2 66.67

A)<=4 58 28.42 33.89 5 26.32 19 54.29 27 64.29 6 54.55 1 33.33

B)>4 32 27.48 32.99 10 52.63 10 28.57 8 19.05 4 36.36 . .

 
 
D.7. Funding applied for based on work supported by this award  

1. Florida Nanotechnology Center of Excellence in Early Detection of Cancer (Sellers PI) 
2. Nanotechnology Sensors and Systems for Early Detection of Cancer (Sellers PI) 
3. Lustgarten foundation – ‘Enhanced detection of pancreatic cancer using advanced molecular probes (Phelan PI). 
4. Cancer Research and Prevention Found ation – ‘Quantum dot-conjugated biomarkers for ear ly detection of breast  

cancer in Mexico (Phelan PI) 
5. Florida Nanotechnology Center of Excellence in Early Detection of Cancer (Sellers PI) (2006) 
6. Nanotechnology Sensors and Sy stems for Early  Detection of Cancer (Sellers PI) (Dec. 2007) (‘Microfluidic  

devices for early detection of breast cancer in Mexico (Phelan PI of pilot study)) 
7. Lustgarten foundation – ‘Enhanced detection of pancrea tic cancer using advan ced molecular probes (Phelan PI) 

(2007) 
8. NIH R21 ‘Biologicall y E ngineered Qu antum Dots for Bio medical Applicat ions.’ PI Sergei Ostapenk o (Not 

funded) 
9. NIGMS R25 training grant for funding for minority predoctoral students. PI  Bernard Batson. 
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10. NSF ‘The Application of Quantum Dots and Nanowires in  Early  Cancer Detection. ’ PI Sergei Ostapenko (Not 
funded) 

11. NIH Health Disparities C enter of Excellence P20. ‘Apta mer-based microfluidic devices for early  prostate canc er 
in African American men.’ RO1 format PI – Catherine Phelan.  Not Funded. 

12. Moffitt Cancer Center/University of Florida Joint Cancer  Center Funding Opportunity Advancing the Partnership 
(AP) Awards. PI Catherine Phelan – Funded to July 2010 - $99,931 

 
E. Conclusion 
 
Implications of completed research: We have investigated emerging cutting-edge nanotechnologies, for early  detection of 
prostate cancer in African-Am erican men. Despite our initial  enthusiasm for QDs as the nanotechnology of  choice, we 
determined that QD technology is cost-prohibitive for use in a large population-based screening and lacks reproducibility. 
We investigated another type of na notechnology - nanowire-integrated microfluidic devices and found t hese to function 
well for sub-ELISA level det ection and will em ploy this technology  in th e f uture. Initially  we chose six candidate 
biomarkers but showed they  are unusable either due to tec hnical difficulties in our  hands  or their  levels did not sh ow 
differences between cases and controls or they decreased in concentration through increasing stage of disease. PSA is still 
the most optimal bio marker for prostat e cancer detection. So our final research (m anuscript in preparation) brings th ese 
two components together for the most optimal prostate cancer detection.  
The samples collected in this study are essential for other studies in African-American men. We are planning to continue 
recruitment by expanding the collection Florida state-wide. Furthermore we are collaborating with other re searchers in a 
consortium known as ‘Men of African Descent with Cancer of the Prostate -MADCaP’ for future studies. 
 
"so what section" – The novel, sensitive biom arkers generated in this study will be of vital im portance for early detection 
of prostate cancer in Afri can-American men to reduce the morbidity and m ortality from this disease. We are applying 
novel technologies. Further more, we ar e appl ying our knowledge and these tec hnologies for early de tection of ot her 
cancer types.  
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Example of  number of aliquots of plasma, sera and DNA

Patient ID # TCC from
Moffitt

0=control,     
1=case

Location of
patient

Date of
collection

Status at date of
recruitment Histology PSA # of Plasma

aliquots
# of Serum
aliquots

DNA total amount/
volume*

#001 yes 1 Moffitt 01/14/2008 being treated with
seed implants

T2a prostate cancer, 3+3 Gleason 6, and biopsy. In 04/2007, he had
seed implants.

8.4 on 12/2006, 3.1 on
12/2007 5 4/1.0 ml &1/0.75

ml not extracted from pellet

#002 yes 1 Moffitt 02/28/2008 just diagnosed
T2a NX MX Gleason 6 PC in 6 out of 12 biopsies diagnosed in
07/2007. Treatment for PC deferred because of radio/chemo for
squamous cell carcinoma neck mass to finish in 03/2008.

2.2 on 12/2007 3/1.9 ml 2/2.0 ml & 1/1.0
ml not extracted from pellet

#004 yes 1 Moffitt 03/24/2008 PC T1C N0 M0 prostate cancer, Gleason 7.  Biopsy on 12/11/2007 6.7 on 12/20/2007 4/1.0ml 3/1.1ml not extracted from pellet

#005 yes 1 Moffitt 03/26/2008 PC biopsy performed on 02/2008 revealed prostate cancer and a Gleason
3+3 in 1 out of 12 cores compromising 8% of that core. 4.4 on 2/06/2008 2/1.5 ml&1/1.0 ml 2/1.5 ml not extracted from pellet

#006 yes 1 Moffitt 04/02/2008 PC T1C NX MX, Gleason 7, ultrasound on 3/04/2008 4.1 on 2/06/2008 5/1.0ml 4/1.0ml not extracted from pellet

#007 no 0 Moffitt 04/04/2008 control at LCS Normal 2.2 on 4/04/2008 3/1.7 2/1.7 &1/0.75 not extracted from pellet

#008 yes 0 Moffitt 04/16/2008 just diagnosed patient had prostatectomy on 1/08/2008. Diagnosed on 7/02/2007
with 3+3 in 1 of 5 cores, 5% all tissue. 

undectable on
4/04/2008, 3.3 on
7/02/2007

2/2 ml & 1-1 ml 2/2 ml not extracted from pellet

#009 1 Tampa 05/15/2008 PC gleason 3+3 =6 two of 2 cores One core 35% the other core had 40%
cancer 7.6 on 4/15/2008 1/1ml 2/2ml & 1/1ml not extracted from pellet

#010 1 Tampa 05/23/2008 PC gleason 3+3=6 one of two cores positive one core had 10% cancer 5.5 on 4/16/2008 2/1.7ml 2/1.7 &1/0.75 not extracted from pellet

#011 no 1 Moffitt 05/28/2008 PC Diffuse Gleason 8 cancer involving 90% of his specimen on right side
and 75% of his specimen on left side on 4/15/2008.  79 on 4/16/2008 3/1.7 3/1.7 not extracted from pellet

#12 no 1 Moffitt 05/28/2008 PC 1c Nx Mx Gleason 6 and 7 on 4/22/08 5.08 on 3/2008 3/1.7 2/1.7 not extracted from pellet

#13 yes 1 Moffitt 06/04/2008 PC T1c N0 M0, Gleason score 8, 3 scores out of 8 on 3/11/2008 21, 3/08/2008 3/1.7 2/1.7 not extracted from pellet

#014 yes 1 Moffitt 06/11/2008 PC T1c NX MX, Gleason 6, 5 out of 6 biopsies on 5/09/2008 4.7, 6/08/2008 3/1.1.5 3/1.5 not extracted from pellet

#015 1 Tampa 06/20/2008 PC TIC, NX, MP, Stage II 6.9 on 3/31/2008 2/2 & 1/0.5ml 1/2 & 1/1ml not extracted from pellet

#016 1 Tampa 06/20/2008 PC, previous
lymphoma T1C, WX, MO, stage II, 3 + 3 in 1 out of 3 on 5/2008 6.9 on 03/17/2008; 4.8

on 6/11/08 3/2ml 1/2ml not extracted from pellet

#017 yes 1 Moffitt 06/25/2008 PC Gleason 3 + 4 in 5 out of 12 cores at 10-70% 5.7, on 2/2008 2/1.7 ml&1/1.2 ml 2/1.5 ml not extracted from pellet

#018 yes 1 Moffitt 07/02/2008 PC T1c Nx M0 Gleason 6 prostate cancer in 2 out of 12 biopsies 4.6 on 5/2008 3/1.7ml 2/1.7 ml not extracted from pellet

#019 yes 1 Moffitt 07/09/2008 PC
Gleason 10; 8 out of 12 with Gleason 9; and 1 out of 12 with Gleason
8. All of the cores except for the Gleason 8 were high volume of 60%-
90% involvement. The Gleason 8 core was 10% involvement.

67 on 4/2008 3/1.5ml 3/1.5ml not extracted from pellet

#020 1 Tampa 07/15/2008 PC 4 + 3 on 70% of cores.  4.98 on 5/2008 3/1.7ml 2/1.7 & 1/0.75ml not extracted from pellet

#021 1 Brandon 07/16/2008 PC 3 + 3 on13% of cores on 5/13/2008 10.9 on 3/13/2008 2/1.8 ml 2/2.0 ml not extracted from pellet

#022 no 0 Moffitt 07/18/2008 control at LCS mild enlarged prostate on 7/18/2008 3.1 on 7/18/2008 2/2.0 ml&1/0.5 ml 2/2.0 ml not extracted from pellet

#023 no 0 Moffitt 08/01/2008 control at LCS asymetric, right>left on3/2008 2.0 on 3/2008 1/1.5ml 1/1.5ml not extracted from pellet

#024 yes 0 Moffitt 08/06/2008 control at GU BPH, 51cc, biopsy negative 1.3 on 8/2008 3/1.7ml 3/1.4ml not extracted from pellet

#025 yes 1 Moffitt 08/06/2008 PC T1C NO MO Gleason 8 on right side on 8/27/2008 4.2 in 07/2008 2/1.75 ml 2/1.9 ml not extracted from pellet

#026 1 Tampa 08/15/2008 PC T1C NX MO II on right 2% 10.00 on 5/2008 3/1.5 ml 2/1.25 ml not extracted from pellet

#027 yes 1 Moffitt 09/03/2008 PC
T2, NO, MOP, Gleason 7 (3+4) on the left lateral base, left lateral mid,
left80%, 60%, and 40% respectively. Right side biopsies negative, 12
biopsies on 7/1/08

4.5 on 7/2008 3/1.1ml 3/1.0ml not extracted from pellet
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Example of  number of aliquots of plasma, sera and DNA

Patient ID # TCC from
Moffitt

0=control,     
1=case

Location of
patient

Date of
collection

Status at date of
recruitment Histology PSA # of Plasma

aliquots
# of Serum
aliquots

DNA total amount/
volume*

#028 1 Tampa 09/04/2008 PC 3+3 on 2 of 7 cores with 40-80% on 4/12/2006 18 on 08/2008 2/1.8 ml 2/1.8 ml not extracted from pellet

#029 yes 0 Moffitt 10/01/2008 just diagnosed patient had a prostatectomy on 5/14/2007. His gleason was 3+3 at
time of surgery with a PSA of 0.4 .01 on 4/2008 2/1.8 ml 2/1.8 ml not extracted from pellet

#030 yes 1 Moffitt 10/15/2008 PC 3+3=6 on 2 of 10 cores in <5% on 9/4/2008 3.7 on 10/2008 2/1.7, 1/0.5 ml 2/1.7 ml not extracted from pellet

#031 yes 1 Moffitt 10/22/2008 PC T1c NX MX Gleason 8, 4+4, 3 out of 12 cores in the right mid apex
65%,right lateral apex 30%,  right lateral mid 30%. 4.6 on 5/2008 2/1.8 ml 2/1.7, 1/0.5 ml not extracted from pellet

#032 0 30th Street 10/23/2008 control N/A 4/1.0ml 2/1.0ml not extracted from pellet

#033 0 30th Street 10/23/2008 control Visited Dr. Sterling (GU). DRE on 10/31/2008. 2+ prostate, smooth,
history of BPH

3.3 on 10/25/2008, 4.2
on 04/10/2006 2/1.0 & 1/0.5ml 2/1.0ml not extracted from pellet

#034 0 30th Street 10/28/2008 control N/A 0.8 on 12/27/2008 2/1.5, 1/1.0  ml 2/1.5 ml not extracted from pellet

#035 yes 1 Moffitt 10/29/2008 PC biopsy on 10/06/2008, 3+4 on 6 cores, left apex with 60% and left with
25% 09/08/2008 at 2.62 3/1.5 ml 2/1.7 ml not extracted from pellet

#036 0 30th Street 10/30/2008 control N/A 2.1 10/29/2008 2/1.8, 1/1.5 ml 2/1.8 not extracted from pellet

#037 yes 1 Moffitt 11/03/2008 PC gleason 6 on right lateral mid with less than 5% 4.4 on 02/2008 2/1.5 ml 2/1.2ml not extracted from pellet

#038 1 Tampa 11/18/2008 PC T1C NX MO II with 30%, 5% on right 10.8 on 11/17/2008 3/1.3 ml 2/1.4ml not extracted from pellet

#039 0 30th Street 11/18/2008 control N/A 4.1 on 5/15/2008, 2.0
on 4/02/2007 2/2.0, 1/1.0ml 1/2.0, 1/0.75ml not extracted from pellet

#040 0 30th Street 11/18/2008 control N/A 2/2.0ml 1/2.0ml not extracted from pellet

#041 yes 1 Moffitt 11/19/2008 PC T1C, NX, MO, 3+3=6, <%5, 6 of 12 on right,  on 7/21/2008 5/30/2008 at 4.3 1/0.7ml 0 not extracted from pellet

#042 no 1 Moffitt 11/19/2008 PC T1C NX MO, 3+6 in 1 out of twelve at 3%. 3.7 on 08/2008 2/1.6ml 2/1.5ml not extracted from pellet

#043 0 30th Street 11/20/2008 control N/A 1.2 on 10/15/2008 2/2.0ml 1/2.0,1/1.5ml not extracted from pellet

#044 0 30th Street 11/20/2008 control N/A 0.8 on 1/14/2008 2/2.0,1/1.0ml 1/2.0,1/1.0ml not extracted from pellet

#045 1 Tampa 11/24/2008 PC 3+3 T2a NX MO Stage II on 4/15/2008 4.0 on 08/12/2008 3/1.8 ml 2/1.7 ml not extracted from pellet

#046 0 30th Street 12/02/2008 control N/A 0.5 on 08/29/2008 2/2.0 & 1/1.5ml 2/2.0ml not extracted from pellet

#047 1 30th Street 12/04/2008 PC 1.8 on 11/24/2008 2/2.0 & 1/0.5ml not extracted from pellet

#048 0 30th Street 12/09/2008 control N/A 1.1 on 9/22/2008 2/2.0 & 0.75ml 1/2.0,1/0.5ml not extracted from pellet

#049 0 30th Street 12/09/2008 control N/A 0.7 on 05/2007 3/1.5 ml 1/1.0ml not extracted from pellet

#050 0 30th Street 12/09/2008 control N/A 1.1 on 1/13/2009 2/2.0 & 1/1.5ml 2/1.8ml not extracted from pellet

#051 0 30th Street 12/10/2008 control N/A 1.5 on 7/23/2008 2/2.0ml 2/2.0 & 1/1.0ml not extracted from pellet

#052 0 30th Street 12/16/2008 control N/A 0.7 on 11/2007 2/2.0 & 1/1.0 ml 2/2.0ml not extracted from pellet

#053 0 30th Street 12/16/2008 control N/A 3.9 on 08/09/2007 2/2.0ml 1/250ul not extracted from pellet

#054 0 30th Street 12/16/2008 control N/A 1.1 on 06/08/2008 1/2.0 ml & 1/1.25
ml 1/600ul not extracted from pellet

#055 0 30th Street 12/30/2008 control N/A 0.4 on 12/12/2006 2/2ml &1/250ul 1/1.8 ml not extracted from pellet

#056 0 30th Street 01/08/2009 control N/A 1.0 on 1/14/2009 1/2 ml & 1/1.2 ml 1/1.8ml&1/2.0ml not extracted from pellet
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Example of  number of aliquots of plasma, sera and DNA

Patient ID # TCC from
Moffitt
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1=case

Location of
patient

Date of
collection
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aliquots
# of Serum
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volume*

#057 0 30th Street 01/13/2008 control N/A 0.57 on 08/19/2008 2/2ml 1/1.6 ml not extracted from pellet

#058 0 30th Street 01/15/2009 control N/A 0.3 on 10/13/2008 3/1.3ml 1/2 & 1/0.5ml not extracted from pellet

#059 0 30th Street 01/22/2009 control N/A 4.2 on 1/17/2008 2/1.5ml 2/1.4ml not extracted from pellet

#060 0 30th Street 01/22/2009 control N/A 0.4 on 2/14/2008 2/1.9ml 1/1.8ml not extracted from pellet

#061 0 30th Street 01/22/2009 control N/A 1.4 on 1/26/2009 2/1.8ml 2/1.5ml not extracted from pellet

#062 0 30th Street 01/27/2009 control N/A 0.5 on 5/12/2008 2/1.8ml 2/1.6ml not extracted from pellet

#063 0 30th Street 01/27/2009 control N/A 0.4 on 8/13/2008 3/1.4ml 2/1.3ml not extracted from pellet

#064 0 30th Street 01/27/2009 control N/A 1.3 on 12/31/2008 2/1.2ml 2/1.3ml not extracted from pellet

#065 yes 1 Moffitt 01/28/2009 PC T1C, NX, MX, 3+3=6, 1 of 12 cores on right on 10/28/2008 5.6 on 10/2008 2/1.1ml 2/1.2ml not extracted from pellet

#066 0 30th Street 01/29/2009 control N/A 2.4 on 8/21/2008 1/1.0 ml 3/1.5ml not extracted from pellet

#067 1 Brandon 02/05/2009 PC T1C, NX, MO, II, on 12/12/2008 4.0 on 12/2008 1/2.0 ml & 1/1.8 ml 0 not extracted from pellet

#068 1 Brandon 02/05/2008 PC T1C, NX, MO, II, 3+3 on 8 of 12 cores on1/16/2009 4.1 on 10/2008 2/1.6ml 1/2.0 ml & 1/1.0
ml not extracted from pellet

#069 0 30th Street 02/10/2009 control N/A 0.6 on 10/2008 2/1.3ml not extracted from pellet

#070 1 Brandon 02/11/2009 PC
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